The longevity and excellent health status of the population of Crete has been attributed to its lifestyle and dietary habits. The impact of Greek Orthodox Christian Church fasting on these dietary habits has never been studied. One hundred and twenty Greek Orthodox Christians living in Crete participated in a 1-year prospective study. One half of the subjects, who fasted regularly (fasters), and sixty non-faster controls were followed longitudinally for the three main fasting periods over 1 year; Christmas (40 d), Lent (48 d) and the Assumption (15 d). Pre-and end-holy days measurements were performed in each fasting period including: 24 h dietary recall, blood collection and anthropometric measurements. Based on the 24 h recall, fasters as compared with controls had lower intakes of end-holy days dietary cholesterol, total fat, saturated fatty acids, trans-fatty acids and protein (P, 0·001). Fasters presented a decrease of 753 kJ (180 kcal) in end-holy days energy intake (P, 0·05) compared with an increase of 573 kJ (137 kcal) in the controls (P,0·05). Fasters had a decrease in end-holy days Ca intake (P, 0·001) and an increase in end-holy days total dietary fibre (P,0·001) and folate (P, 0·05), attributed to their higher consumption of fruit and vegetables in end-holy periods (P, 0·001). There were no differences for other vitamins or minerals between pre-and end-holy periods in both groups except for vitamin B 2 . The Orthodox Christian dietary regulations are an important component of the Mediterranean diet of Crete characterised by low levels of dietary saturated fatty acids, high levels of fibre and folate, and a high consumption of fruit, vegetables and legumes.
The Mediterranean diet of Crete has been shown to be health promoting and protective for CHD and some types of cancer (Keys, 1980; Keys et al. 1986; Berrino & Muti, 1989; James et al. 1989) . These findings have been confirmed from the Seven Countries Study where the population of Crete had the lowest CHD mortality rate and the longest life expectancy in comparison with the other participating populations (Keys, 1980; Keys et al. 1986; Kromhout et al. 1989) .
The diet of Crete in the early 1960s was characterised by the high consumption of wheat-based products, legumes, moderate dairy-product consumption, and an abundance of seasonal fruit and vegetables. In contrast, meat and fish consumption was limited while olive oil and olives were the main fat source (Kafatos & Mamalakis, 1993) . The Seven Countries Study population of Crete came from rural areas of Crete where religious strictures and rituals were deeply embedded in the traditions, customs and lifestyle including dietary habits. Although the Seven Countries Study attributed the excellent health status of the population and the low CHD morbidity and mortality to dietary habits (Menotti et al. 1999) , there is no investigation of the impact of Greek Orthodox fasting recommendations on dietary intake. The dietary data of the Seven Countries Study suggest the important role of Greek Orthodox Church fasting since meat and dairy-product intake was low in the early 1960s (35 g meat/d; 124 g dairy products/d) (Kromhout et al. 1989) . The low incomes common to the Crete population in the early 1960s do not totally explain the low meat and dairy-product intake since the majority of the population were small-hold farmers producing their own animal and plant products. During the Greek Orthodox Church fasting periods, animal products are preserved for the non-fasting periods. Apart from the health-promoting effects, these practices had positive benefits in terms of economic and environmental sustainability. Over the last four decades, however, the traditional Cretan diet and lifestyle has been progressively Westernised. One result has been a progressive deterioration in CVD morbidity and mortality rates (Kafatos et al. 1991; Ferro-Luzzi et al. 2002) .
There is very limited research in Greece concerning the influence of Greek Orthodox lifestyle principles on Greek health behaviour and dietary habits (Chliaoutakis et al. 1999 (Chliaoutakis et al. , 2002 Sarri et al. 2003) . The objective of the present study was therefore to investigate nutrient intake and food consumption in a population that adheres closely to Greek Orthodox Christianity's dietary recommendations.
The Orthodox Church's dietary recommendations
The Orthodox Church specifies dietary restrictions and a fasting for a total of 180-200 d annually. The faithful are advised to avoid olive oil, meat, fish, milk, eggs and cheese every Wednesday and Friday, with the exception of the week after Christmas, Easter and the Pentecost. There are three principal fasting periods annually. The first of these is a total of 40 d preceding Christmas when meat, dairy products and eggs are not allowed, while fish and olive oil are allowed except on Wednesdays and Fridays. The second is a period of 48 d preceding Easter (Lent). During Lent fish is allowed only on 2 d (25 March and Palm Sunday) whereas meat, dairy products and eggs are not allowed. Olive oil consumption is allowed only during weekends. Third, there is a total of 15 d in August (the Assumption) when the same dietary rules apply as for Lent with the exception of fish consumption, which is allowed only on 6 August (Metamorphosis). Seafood such as shrimps, squid, cuttlefish, octopus, lobsters, crabs as well as snails are allowed on all fasting days throughout the year.
Methods

Subjects
A total of 120 Greek Orthodox Christian adults from the area of Iraklion-Crete participated in the present study. Sixty of the subjects (thirty-one males, twenty-nine females), mean age 42 (SD 12) years, were faithful fasters who vigorously adhered to all the Orthodox Christian fasting practices and all the recommended fasting periods. In order to find such subjects, three monasteries and one of the archdioceses in Crete were contacted. All nuns, priests and laypersons working in the convents and the archdiocese were informed about the project and those who accepted to participate in the study completed written consent forms. The inclusion criteria were: 20 -60 years of age, adherence to the Christian Orthodox dietary recommendations (fasting), no chronic disease, not taking any medication or dietary supplements. Of the nuns, priests and laypersons contacted who fulfilled the inclusion criteria, 54 % participated in the present study. For the control group an announcement was published in a local newspaper. The first healthy sixty individuals that were Orthodox Christians and fulfilled the same criteria as the fasters group, apart from the criterion of fasting, constituted the control group (twenty-four males, thirty-six females; mean age 38 (SD 9) years). The control group did not fast at all at any period of the year, was in the same age range, suffered from no diseases and did not take any medication or supplements. The family history of each subject was recorded with regard to diabetes, CHD, smoking, hormonal disturbances and drug intake.
Study design
Three sets of examinations were scheduled during 1 year (2000 -2001) to cover the three principal fasting periods: Christmas, Lent, and the Assumption. Each set of examinations comprised two measurement sessions, at the beginning and the end of each fasting period. All measurements were made between 08.00 and 10.00 hours and they included fasting blood collection (biochemical analysis), anthropometric measurements (height, weight, waist:hip ratio, and blood pressure), the completion of questionnaires on fasting, health habits and certain items of personal data. The methods for these measurements are described in a previous publication (Sarri et al. 2003) .
Dietary data and food database
A 24 h dietary recall and a 3 d weighed food record were administered to all the subjects in each examination period. A trained dietitian used food-model photographs and household measures for the administration of the 24 h dietary recall. Approximately 30 % of the total number of 24 h dietary recalls was administered on Wednesdays and Fridays. Written and oral instructions were provided for completion of the 3 d weighed food record including two weekdays and one during a weekend. The food items and recipes were categorised into seventeen main food groups: bread, cereals, potatoes, vegetables, pulses, fruit, eggs, cheese, milk and yoghurt, fats, sugar and sugar products, pastries, alcohol, meat, fish, seafood, and all the rest (Table 3) .
A comprehensive Greek national food composition database derived from chemically analysed Greek-origin foods is presently under construction. The food database Greek Diet, used to calculate dietary intakes, was initially created in 1990 by the Preventive Medicine and Nutrition Clinic of the University of Crete and later, in 1998, was upgraded using the USDA Nutrient Database for Standard Reference (release 11, 1996 ; USDA Agricultural Research Service, Washington, DC, USA). An extensive description of the database is given elsewhere (Moschandreas & Kafatos, 1999; Kafatos et al. 2000) .
Statistical analysis
The paired samples t test was used to evaluate the significance of the mean difference within group between the nutrient intakes reported by the 3 d weighed food record and the 24 h dietary recall method, as they were extracted from the mean values of all 24 h dietary recalls and 3 d food records gathered. The subjects included in this analysis had at least one pre-holy days and one end-holy days measurement. Analysis of covariance was used to examine the differences in nutrient intakes between the two groups, adjusting for sex, age and baseline BMI; the Mann -Whitney test was used to investigate the differences in food consumption between the two groups. Individual recommended dietary allowances (RDA) or dietary reference intakes were computed for all subjects (National Academy of Sciences, National Research Council, Food & Nutrition Board, 1989 ; Committee on Dietary Allowances, Food & Nutrition Board, National Research Council, 2001) . The x 2 test was used to examine the differences within the percentage of the two groups not meeting the two-thirds of RDA. Justification of the chosen two-thirds RDA cut off is based on the fact that RDA are designed to meet the needs of practically all healthy individuals and include a substantial margin of safety (Food & Nutrition Board, 1985) .
Pre-holy days values comprise the mean of the three measurements that were made before the beginning of the Christmas, Lent and Assumption fasting periods, while end-holy days values are the mean of the three measurements that were made at the end of each one of the fasting periods.
Results
Demographic data of the study population are presented in Table 1 . There were no statistically significant differences in sex, age, and educational level of the two groups. Fasters had been practising the fasting rituals for a mean of 20 (SD 14) years and they consisted of twenty laypersons (fasted for 13 (SD 10) years), nineteen nuns living in convents (fasted for 24 (SD 16) years) and twenty-one priests living with their families in community parishes (fasted for 21 (SD 13) years).
Validity of the 24 h recall method
The number of the 24 h recalls that were gathered in each of the six measurements ranged from 43 to 60 while the 3 d weighed food records that were returned ranged from 19 to 48. Only 30 % of the subjects returned all six 3 d weighed food records and 7 % returned none; 40 % of fasters and 20 % of controls returned all six 3 d food records (group A) (P, 0·05; x 2 test) as compared with those who returned none or up to five food records (group B). In comparison with group B, group A's fasters had lower levels of preand end-total serum cholesterol (P, 0·05 and P, 0·01 respectively; Mann -Whitney test) and pre-and end-LDL-cholesterol (P, 0·05 and P, 0·01 respectively; Mann -Whitney test). Group A's controls had lower levels of pre-and end-BMI (P, 0·05; Mann -Whitney test). Therefore, it was decided to use only the 24 h dietary recall records for the analyses of foods and nutrients.
The validity of the 24 h dietary recall was studied by comparing it with the 3 d weighed food record. The paired samples t test was carried out to evaluate the significance of the difference between the two dietary methods in fasters and controls separately (data not shown). The differences in mean nutrient intake were 8·7 (95 % CI 6·8, 10·8) % and 9·4 (95 % CI 7·0, 11·9) % for control subjects and fasters respectively (data not shown). This mean difference of less than 10 % indicates a good agreement between measures (Sharma et al. 1998; Marjan et al. 1999) . The 24 h dietary recall has been previously validated in relation to fat intake based on measurements with adipose tissue aspiration and fatty acid composition analysis (Kafatos et al. 1991; Knutsen et al. 2003) ; and in placing individuals in the distribution of habitual diet (Bingham et al. 1997) . Table 2 presents the mean intakes of energy, selected micronutrients and macronutrients during pre-and endholy days measurements in each fasting period under study and compares the changes that were observed in fasters with the changes observed in the controls. Compared with the control subjects, fasters presented significantly greater mean changes in energy intake at Christmas and the Assumption. Dietary cholesterol, total fat (% energy), saturated fatty acids (SFA; % energy), protein (% energy), and Ca levels were also decreased in fasters in all three end-holy periods, though the values for protein and total fat did not reach statistical significance during Christmas and Lent respectively. In addition, fibre (g) and carbohydrates (% energy) were generally increased though not always significantly.
Comparisons of nutrient intakes
Comparisons of the mean changes of energy and nutrient intakes in the three pre-holy and the three end-holy periods are shown in Table 3 . Compared with controls, fasters presented reduced energy intake at end-holy periods (P, 0·05). The contribution of end-holy days protein, total fat, SFA and trans-fatty acids to energy intake were reduced to 10, 31·6, 5·6 and 0·12 % in fasters, while the respective values for the controls were 14·4, 39·1, 11·4 and 0·58 % (P, 0·001). The controls' intake of PUFA (g) was higher compared with that of fasters (P, 0·05), but this was not sustained when PUFA was compared as percentage of energy. End-holy days dietary cholesterol (per 4·184 MJ; per 1000 kcal) was reduced by 108·5 mg in fasters and increased by 3·1 in controls (P, 0·001). Vitamins A, C, E, B 1 , B 6 , B 12 and niacin did not differ between the two groups. Fasters also had higher intakes of end-holy days fibre, folate and Fe per 4·184 MJ (per 1000 kcal) (P, 0·001, P, 0·05 and P, 0·001 respectively) and lower end-holy days Ca intakes (P, 0·001). Table 4 presents the percentages of fasters and controls that were below the two-thirds (67 %) of RDA in eleven nutrients. No differences were observed with the exception of Ca and protein where more fasters were , 67 % of RDA.
Comparisons of food consumption
Mean quantities of the consumed foods derived from the 24 h dietary recall during the pre-and end-holy periods in both groups are presented in Table 5 . Fasters and controls had no significant differences in either their pre-or end-holy * P values refer to the comparisons of the changes within fasters (from pre-to end-holy days values) v. the changes within the controls (analysis of covariance with covariates of baseline BMI, sex and age).
days consumption of bread, cereals and sugar products. Fasters do not consume eggs, meat, cheese, milk and yoghurt in end-holy periods since it is not allowed according to the Orthodox Christian practices, and so no comparison could be made regarding these food categories. Fasters consumed significantly more pulses and eggs in the preholy period in comparison with controls (P, 0·05), and a significantly higher consumption of potatoes and of fruit and vegetables at the end-holy periods in comparison with controls (P, 0·05 and P, 0·001 respectively). Compared with fasters, controls consumed more alcohol in all periods (P, 0·05).
Discussion
The main finding of the present study is that faithful adherents of Christian Orthodox Church dietary recommendations present a more beneficial dietary profile regarding nutrient intake and food consumption, with the exception of Ca intake. Religious fasting decreased energy intake, dietary cholesterol and the percentages of dietary protein, total fat, SFA and trans-fatty acids, while, on the other hand, it increased the percentage of total carbohydrates along with the intakes of fibre, folate and Fe. F  888  74  940  121  51  125  NS  C  753  76  871  124  119 129
SFA, saturated fatty acids. * Analysis of covariance with covariates of age, sex and baseline BMI. † Only drinkers were included (eighteen fasters, sixteen controls; Mann -Whitney test). ‡ Values per 4·184 MJ are not included since they were found to be NS.
The changes observed in fasters' nutrient intakes could be explained by their significantly increased consumption of fruit, vegetable and pulses (Moschandreas & Kafatos, 1999) , potatoes and cereals (Robinson et al. 2002) , and by their abstinence from meat, dairy products and eggs during the fasting periods.
The reduction in end-fasting Ca intake is also attributed to the fasters' restricted diet. However, short-term inadequacy in Ca intake is not detrimental to health (O'Brien et al. 1996) .
Furthermore, we assume that the increase in Fe intakes refers to non-haem Fe since fasters abstained from all haem-Fe sources and consumed more food containing non-haem Fe. Nevertheless, this finding is not surprising since studies in vegetarians, whose dietary habits are similar to the Orthodox Christian fasting principles, have shown that their Fe intakes are similar to those of omnivores (Thane & Bates, 2000; Larsson & Johansson, 2002) .
The present findings support the significant reductions in serum lipids and obesity indices that Greek Orthodox fasters presented at the completion of the fasting periods that have been recently published by Sarri et al. (2003) . Greek Orthodox fasters had decreased levels of end-fasting total cholesterol, LDL-cholesterol, triacylglycerols, LDL:HDL cholesterol ratio and BMI; although these reductions were not maintained until the next fasting period, the values of total cholesterol and LDL-cholesterol never reached the initial pre-holy days levels (Sarri et al. 2003) .
The findings on the composition of the fasters' diet and their dietary patterns are in agreement with those of Kafatos et al. (2000) who also investigated a small sample of Orthodox Christian fasters. Contrary to the present findings, the diet of the Orthodox Christian Church met 100 % of RDA for every nutrient, except for Ca (Kafatos et al. 2000) . However, in the present study the two groups had similar percentages below two-thirds of the RDA.
The levels of the n-6:n-3 ratio presented in the present study are high for both groups, as compared with the traditional diet of Crete before 1960 which was characterised by a balanced n-6:n-3 ratio ranging from 1:1 to 2:1 (Simopoulos, 2001) . However, in comparison with preholy days, fasters decreased their end-holy days ratio by 9 % while controls increased it by 13 %. Additionally, fasters' end-holy days n-3 fatty acids consisted of 10 % more a-linolenic acid, while the respective increase for the controls in a-linolenic acid was 2 % (data not shown). A high n-6:n-3 fatty acids ratio has been associated with chronic diseases (Simopoulos, 2002) .
Limited studies have looked into the association of different religions such as Judaism and the Muslim faith with the adoption of healthier dietary habits. Secular Jewish who had higher levels of plasma lipids were also found to consume more total fat, more SFA and fewer carbohydrates than religious subjects (Friedlander et al. 1985) . Additionally, Ca and P intakes in orthodox Jews were below adequate intake due to the limited consumption of dairy products (Taha et al. 2001) . Insufficient Ca intake was also found in Muslims during the month of Ramadan (Karaagaoglu & Yucecan, 2000) . The studies on Ramadan fasting and its effect on plasma lipids and lipoproteins are not consistent. Some highlight its beneficial effects on lowering total cholesterol, triacylglycerols and increasing HDL-cholesterol (Adlouni et al. 1997) , while others show no significant changes on plasma lipids (Maislos et al. 1993 (Maislos et al. , 1998 Temizhan et al. 2000) . Additionally, either no (el Ati et al. 1995; Finch et al. 1998) or a small effect (Adlouni et al. 1998 ) on body weight has been observed. Ramadan is characterised by a higher total energy, protein and carbohydrate intake (Frost & Pirani, 1987; Adlouni et al. 1997) . However, the findings regarding total fat intake are contradicting (Frost & Pirani, 1987; Adlouni et al. 1997 Adlouni et al. , 1998 . Last, during Ramadan the secular are involved in more stress-reducing and spiritual activities, they smoke less, drink less caffeine and eat higher proportions from all food groups (Afifi, 1997) .
The impact of religious beliefs on adopting a healthier lifestyle, especially regarding their hygiene, nutrition, physical activity and psychological status has also been shown in Greek Orthodox Christians (Chliaoutakis et al. 2002) . Chliaoutakis et al. (2002) pointed out that one out of three individuals in Greece adopts the lifestyle that the Greek Orthodox Church suggests and that Orthodox Christianity has a strong impact on the Greeks' dietary behaviour.
Another religious group, Seventh-Day Adventists, is a well-studied group for its health-promoting lifestyle.
Devout Seventh-Day Adventists are non-smokers, they drink little alcohol and coffee and they mostly practise a lacto-ovo-vegetarian diet. Vegetarian Adventist adherents live longer than their non-vegetarian Adventist counterparts (Fraser, 1999a) . In addition, they have significantly lower blood glucose, lipid levels and body weight and consequently present with fewer CVD risk factors (Nieman et al. 1989; Famodu et al. 1998; Fraser 1999b) .
There are several limitations in the present study. A power calculation was not used in determining sample sizes because of the lack of any previous similar study and because no pilot study was preceded. We were limited in our assessment of nutrient intake due to the large proportion of unreturned 3 d weighed food records. The 24 h dietary recalls can mostly give an estimate of the average nutrient intake, especially regarding micronutrients, and that possibly explains the differences found in micronutrient intakes when we compared the two dietary assessment methods. On the other hand, macronutrients performed well. In addition, we cannot rule out the possibility of some bias since all our subjects were volunteers. However, the design of the present study was very demanding as regards the dietary inclusion criteria. Therefore, more attention was paid in matching the subjects in this context, than in other factors such as smoking.
The present study is one of the first studies that attempt to present an overall picture of the Mediterranean type of diet that is recommended by the Greek Orthodox Church. The Christian Orthodox diet is an important characteristic of the Mediterranean diet of Crete, which contributes greatly to the good health and nutritional status of the population (Sarri et al. 2003) .
